Development and application of antigenicity analytical methods for characterization high-risk HPV (HPV16/18/52/58) recombinant virus-like particle based vaccines by 曹璐
 学校编码：10384                          分类号        密级         
学号：32620141150564                                     UDC       
 
 





Development and application of antigenicity analytical 
methods for characterization high-risk HPV 





授  专  业 名 称： 营养与食品卫生学 
论文提交日期： 2017年 5月 




   
学位授予日期：  
2017 年 5 月 
 
2017年 5月 
                             
答辩委员会主席：           





































































































































摘要 ............................................................................................................. I 
Abstract ................................................................................................... III 
缩略词 ........................................................................................................ V 
第一章 前言 .............................................................................................. 1 
1 重组病毒样颗粒（VLP）疫苗概况 ............................................................... 1 
1.1 疫苗的发展史及其分类 ......................................................................... 1 
1.2 重组病毒样颗粒（VLP）疫苗简介 ..................................................... 4 
2 VLP 疫苗质量分析概述.................................................................................... 5 
2.1 疫苗可比性分析 ..................................................................................... 5 
2.2 疫苗质量分析系统 ................................................................................. 7 
2.3 重组 VLP 疫苗的质量分析 ................................................................. 10 
3 人乳头瘤病毒疫苗概述 .................................................................................. 16 
3.1 人乳头瘤病毒简介 ............................................................................... 16 
3.2 HPV 疫苗及质量分析现状概述 ........................................................... 17 
4 本论文研究的内容、目的与意义 ................................................................. 18 
第二章 材料与方法 ................................................................................21 
1 材料................................................................................................................... 21 
1.1 主要仪器 ............................................................................................... 21 
1.2 常用酶，抗体，疫苗原液及疫苗相关主要常规试剂 ....................... 23 
1.3 常用耗材 ............................................................................................... 23 
1.4 实验培养基及其他常规溶液 ............................................................... 24 
1.5 常用软件 ............................................................................................... 26 
2 方法.................................................................................................................. 27 
2.1 重组蛋白的理化性质检测 ................................................................... 27 
2.2 抗原抗体结合活性分析方法 ............................................................... 28 
2.3 单克隆抗体细胞克隆化筛选 ............................................................... 31 














2.5 抗原原位分析法 .................................................................................... 35 
第三章 结果与分析 ................................................................................38 
第一部分 用于表征重组病毒样颗粒（VLP）疫苗关键质量属性的单抗盘性
质鉴定及筛选——HPV52/58 ............................................................................ 38 
1 单抗性质鉴定 .......................................................................................... 38 
2 建立免疫化学质量分析方法所用单抗的确定 ...................................... 49 
3 小结 ........................................................................................................... 52 
第二部分 表征重组病毒样颗粒（VLP）疫苗的免疫化学质量分析方法的建
立--- HPV52/58 ................................................................................................... 53 
1 基于无分子标记测定的表面等离子共振法（SPR 法） ..................... 53 
2 基于抗原 “溶液中”构象检测的竞争 ELISA 法（rIC50） ................... 58 
3 双抗夹心 ELISA（rEC50 法）的建立 .................................................... 61 
4 小结 .......................................................................................................... 67 
第三部分 抗原原位分析法的建立及初步应用 ............................................... 69 
1 铝佐剂及 HPV16/18 疫苗理化性质分析 .............................................. 69 
2 抗原原位分析法可行性研究 .................................................................. 71 
3 HPV16/18 双价疫苗制剂稳定性评估 ................................................... 76 
4 小结 ........................................................................................................... 81 
第四章 讨论 ............................................................................................82 
4.1 疫苗体外相对效力评估（IVRP）与动物试验相关性分析 .................... 82 
4.2 免疫化学质量分析方法中检测抗体的筛选 .............................................. 83 
4.3 三种多表位免疫化学质量分析方法的建立和评估 .................................. 83 



















Table of Contents 
Contents 
Abstract in Chinese ................................................................................... I 
Abstract in English ................................................................................ III 
Abbreviations ........................................................................................... V 
Chapter 1: Preface .................................................................................... 1 
1. Overview of VLP based vaccines .................................................................... 1 
1.1 Development history and classification of vaccines ................................ 1 
1.2 VLP based vaccines ................................................................................. 4 
2. Overview of quality analysis for VLP based vaccine .................................... 5 
2.1 Comparability analysis for vaccine .......................................................... 5 
2.2 Quality analysis system for vaccine ......................................................... 7 
2.3 Quality analysis methods for VLP based vaccine .................................. 10 
3. Introduction of HPV and HPV vaccines  .................................................... 16 
3.1 Brief introduction of HPV .................................................................... 16 
3.2 Summary of quality analysis for HPVvaccines ..................................... 17 
4. The objectives and significance of this research .......................................... 18 
Chapter 2: Materials and Methods .......................................................21 
1. Materials ......................................................................................................... 21 
1.1 Key instruments ...................................................................................... 21 
1.2 Enzymes, antibodies, vaccines and vaccine related common reagents ...... 23 
1.3 Common materials ................................................................................. 23 
1.4 Solutions and substrate preparation................................ ........................... 24 
1.5 Common softwares................................ .................................................. 26 
2. Methods ........................................................................................................... 27 
2.1 Physical and chemical properties analysis methods for VLPs ................... 27 
2.2 Analysis methods of binding affinity between antigen and antibodies ..... 28 
2.3 Screening of monoclonal antibody cells .................................................. 31 
2.4 Culture of monoclonal antibody cells and preparation for monoclonal 
antibody ........................................................................................................ 33 
2.5 In situ antigen analysis system ............................................................... 35 













Table of Contents 
Part 1 Characterization and selection of mAbs for immunochemical quality 
analysis——HPV52/58 ...................................................................................... 38 
1 Quality analysis of mAbs .......................................................................... 38 
2 Selection of mAbs used for immunochemical quality analysis ................ 49 
3 Summary ................................................................................................... 52 
Part 2 Development of the immunochemical assays for VLP-based vaccine —
—HPV52/58 ........................................................................................................ 53 
1 Development of Surface Plasmon Resonance method (SPR) based on label-
free method for binding analysis .................................................................. 53 
2 Development of competitve ELISA method (rIC50) based on “in solution” 
antigen comformation detection .................................................................. 58 
3 Development of sandwich ELISA method (rEC50) based on two critical 
epitopes detection ......................................................................................... 61 
4 Summary ................................................................................................... 67 
 Part 3 Development and primary application of in situ antigen analysis 
system .................................................................................................................. 69 
1 Physical and chemical properties analysis of alum-based adjuvant and 
HPV16/18 vaccine ....................................................................................... 69 
2 Feasibility research of in situ antigen analysis system ............................. 71 
3 Stability evaluation of HPV16/18 vaccine ................................................ 76 
4. Summary .................................................................................................. 81 
Chapter 4: Discussion .............................................................................82 
4.1 Correlation between in vitro relative potency assays and animal based  
potency assays ..................................................................................................... 82 
4.2 Selection of mAbs used for immunochemical quality analysis ................ 83 
4.3 Development and comparasion of three in vitro multi-epitope 
immunochemical assays ..................................................................................... 83 
4.4 Development and analysis of In situ antigen analysis system .................. 84 
Summary and Path Forward .................................................................86 
Summary ............................................................................................................. 86 
Path Forward ..................................................................................................... 87 
References ................................................................................................88 










































首先，本研究针对 HPV 九价苗中 HPV52/58 两种型别抗原均分别建立了表
面等离子共振法（SPR 法）、基于抗原“溶液中”竞争 ELISA 法（rIC50 法）以
及双抗夹心 ELISA（rEC50 法）三种多表位免疫化学质量分析方法。在研究中，
对本实验室现有 HPV52 和 HPV58 单抗盘进行全面细致的性质鉴定，主要包括：
单抗亚型、型别特异性、与抗原的结合能力、构象敏感性、中和假病毒活性及免
疫血清阻断率等。并据此筛选出 7 株代表性 HPV52 单抗（1G6、7B5、7A10、
5G8、2C6、4F5 和 4C4）和 8 株代表性 HPV58 单抗（2H3-1、1D4、C18G2、



















































Human papilloma virus (HPV) is a spherical DNA virus belong to Papovaviridae 
family, many studies has confirmed that the virus is responsible for a variety of cancers, 
including women cervical cancer, vaginal cancer and penis carcinoma.The major capsid 
protein of HPV could self-assemble into recombinant virus-like particles (VLP), 
faithfully mimicing the structures of native virions, and they can induce the protective 
immune response in the same way to prevent the related virus infection. Therefore, the 
VLP has great potential and value for the development of HPV vaccines. Exhilaratingly, 
the HPV nine-valent vaccine (HPV6/11/16/18/31/33/45/52/58) developed with the 
hardwork of our laboratory and INNOVAX has finished approval process and will be 
in clinical trials. Therefore, developing immunochemical analytical system has 
significance for manufacturing process and scale up of this vaccine. In depth 
understanding on structure and function of vaccines based on VLPs is critical to ensure 
efficacy and safety of vaccines. In this study, a combination of various physiochemical 
and immunochemical methods was developed to analyse the antigen quality attributes 
of HPV vaccines, providing data-driven assurance to scale-up of manufacturing process 
and scale up. 
Primarily, Surface plasmon resonance (SPR), competitve ELISA system (rIC50) 
and a sandwich ELISA system (rEC50) were astablished to characterize HPV52/58 
antigens of HPV nine-valent vaccine. In this study, we identified the characteristics of 
anti-HPV52 VLP mAbs and anti-HPV58 VLP mAbs, including the subtype, type-
specificity, binding affinity, conformatonal sensitivity, neutralization activity, and 
serum inhibiting activity. Based on these characteristics, seven anti-HPV52 VLP mAbs 
(1G6, 7B5, 7A10, 5G8, 2C6, 4F5 and 4C4）and eight anti-HPV58 VLP mAbs (2H3-1, 
1D4, C18G2, C1A5, B3H10, C2D8, C3A4 and C2A1) were selected for the 
development of three multi-epitope immunochemical analysis methods.  
Next, we developed in situ antigen analysis system for charactrerize antigens 
within vaccine without dissolution. A series of experimental designs and the results 
analysis established the feasibility of this method, and the preliminary application of 
















on anti-HPV16 and anti-HPV18 specificity mAbs. The system used High content 
analysis system (HCA) provides the observation of the antigen-antibody conjugations 
distribution on alum-based adjuvants, and used flow cytometry (FC) and plate reader 
to realize antigenicity quantitation of antigens of vaccine. This study confirmed that in 
situ analysis antigenicity of antigen system has good specificity and could simultaneous 
analyze antigenicities of multi-antigen in polyvalent vaccine. This study used the 
method to detect the stability of cervical cancer vaccine (HPV16/18 vaccine) samples 
treated by different temperature with vibration for 7 days, and conducted animal 
experiment to test immunogenicity of these samples. The results showed that these two 
methods had good consistency in testing antigen activity and further confirmed the 
feasibility and effectiveness of in situ analysis antigenicity of antigen analysis system. 
The system could straightforward observe the antigens adsorbed on alum-based 
adjuvant and quantitatively evaluate antigenicity of antigens without desorption. 
Further exploration of this straightforward method can be readily implemented in 
vaccine development and manufacturing settings. In addition, this detection strategy 
has other potential applications to extend the analysis to other adjuvants and monitor 
long-term antigen stability in the final product format. 
In conclution, the multi-epitope immunochemical analytical system for HPV 
52/58 vaccine quality and in situ analysis antigen system based on HPV16/18 vaccine 
were developped in this study. Two systems will be used for IVRP of HPV VLP-based 
vaccine, it also offered a reference model to the relative potency assessments of other 
recombinant VLP based vaccines. 
 





















 缩略词  
a.a.: amino acid，氨基酸 
DNA: Deoxyribonucleic acid， 脱氧核糖核酸 
HPV: Human Papillomavirus， 人乳头瘤病毒 
VLP(s): Virus-like particles， 病毒样颗粒 
GAM: Goat Anti-Mouse，羊抗鼠 
HRP: Horseradish Peroxidase，辣根过氧化酶 
AUC: Analytical Ultracentrifugation，分析型超速离心 
CD: Circular Dichroism，圆二色谱法 
CHO: Chinese Hamster Ovary，中国仓鼠卵巢细胞 
cIEF: Capillary Isoelectric Focusing Electrophoresis，毛细管等电聚焦电泳 
CIN: Cervical Intraepithelial Neoplasia，宫颈上皮内瘤病变 
CPP: Critical Process Parameter，关键工艺参数 
CQA: Critical Quality Attribute，关键质量属性 
DLS: Dynamic Light Scattering，动态光散射 
DSC: Differential Scanning Calorimetry，差式扫描量热法 
ED50: 50% effective dose，半数有效剂量 
IC50: Half maximal inhibitory concentration，半数最大抑制浓度 
WB: Western Blotting，蛋白印迹实验 
ELISA：Enzyme-Linked Immunosorbent Assay，酶联免疫吸附实验 
FDA: Food and Drug Administration，美国食品药品管理局 
RIA: Radioimmunoassay，放射免疫分析 
GMP: Good Manufacturing Practice，药品生产质量管理规范 
HPSEC: High performance size-exclusion chromatography，高效液相排阻色谱 
FC: Flow cytometry， 流式细胞技术 
HCA: High Content Analysis，高内涵分析技术 
















IgG: Immunoglobulin G，免疫球蛋白 G 
IgM: Immunoglobulin M，免疫球蛋白 M 
IVRP: In vitro relative potency assay，体外相对效价评估 
Kb: kilo base pair，千碱基对 
kDa: kilo Daltons，千道尔顿 
LC-MS: Liquid Chromatography-Mass Spectrometry，液相色谱-质谱联用技术 
mAb: Monoclonal Antibody，单克隆抗体 
NT50: 50% Inhibition Titer of Neutralizing，50%中和抑制滴度 
QbD: Quality by Design，质量源于设计 
rEC50: Relative Concentration for 50% of Maximal Effect，相对半数最大效应浓度 
rIC50: Relative Concentration for 50% of Maximal Inhibitory Effect，相对半数最大
抑制效应浓度 
RNA: Ribonucleic Acid，核糖核酸 
SDS-PAGE: Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis，聚丙烯酰
胺凝胶电泳 
SPR: Surface Plasmon Resonance，表面等离子共振 
TEM: Transmission Electron Microscopy，透射电子显微镜 


























医生 Louis Odier 在 1799 将疫苗正式命名为 vaccine，随后发表在杂志 
《Bibliotheque Britannique》 ，很快得到广泛的传播和认可[1]。 
中国古代人采用“种痘”的方式来预防天花，这也是疫苗的起源。在 18 世
纪末，英国医生 Edward Jenner 对接种牛痘预防天花病毒进行系统地调查及阐述，
这是公认最早的疫苗介绍，Edward Jenner 也因此被誉为“疫苗学之父”[2-3]。80










效果。因此，Theiler 被授予了诺贝尔医学或生理学奖荣誉[7]。相继 5 年后，脊髓
灰质炎疫苗也应运而生[8-9]。 
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